The results of a study into the fabrication of thick film multilayer devices which include resistors on and under the thick film dielectric layers are presented. Although the resistive values of the resistors under the dielectric change in the succeeding firing processes are influenced by the geometry of the resistors, the ratio of the resistivity change in resistors fabricated with the same sheet resistivity pastes and the same geometry is almost the same. The TCR of the resistors under dielectric layers is influenced mainly by the multi-firing processes. The resistive values and TCR of the resistors on dielectric layers are relatively uninfluenced by the dielectric. The stability of these resistors including trimmed ones under long-term thermal storage at 150C is compared with that of resistors on alumina substrates.
. The resistor pastes, both 1300 and R-500, were available in sheet resistivities ranging from 10 to 105 f/square. The list of the resistor pastes used in this study are presented in Table I . The The low melting crystallizable glass paste was prepared by mixing the glass frits with an organic vehicle consisting of ethyl cellulose and 0t-terpineol, and it was fired at 530C.
Fabricating technique
The fabrication processes for the thick film multilayer devices with two layer resistors are presented in Table II .
First, a layer of conductors was printed on a 96% alumina substrate and fired followed by one of resistors, which was also printed and fired. Then the resistors were trimmed in order to minimize the resistance dispersion. One layer of dielectric was printed and fired, and two more layers of it were printed and fired to prevent pinholes in the dielectric layers. The top conductors were not cofired with the dielectric because of deterioration to the solderability of the discrete components. The top resistors were cofired with the top conductors in order to simplify the processes.
In practical experiments, the printing processes in steps 6 to 8 for resistors under dielectric, and those in steps 1 to 3 for resistors on dielectric, were abbreviated.
In order to evaluate resistors between dielectric layers, resistors on dielectric (step 7) were covered with dielectric according to steps 4-7, without printing conductors and resistors.
The resistor overglaze used for untrimmed resistors was low melting crystallizable glass, and that for trimmed resistors was 9317. Figure 2 shows the resistivities of resistors on and under dielectric layers as a function of resistor length, with 1 kf/square sheet resistivity pastes, and compares them to resistors on alumina. It can be seen that all resistors were influenced by the dielectric and the geometry of resistors, especially with the resistors under dielectric.
Resistivity
In Figure 2 , the data are shown only for the resistors with 1 mm width, but the resistivities of resistors with 2 mm and 4 mm width are the same as those in Figure 2 .
The shifts in resistivity from those of similar resistors printed on alumina are shown with full resistivity range in Figure 3 . (Resistors on alumina would appear as a horizontal line at 0% AR on the same scale.)
The resistivity shifts in resistors on dielectric are rather small, less than 50%. For the resistors under dielectric, however, the shifts in resistivity for 1 mm length are considerable, especially in the R-500 series. The resistors between dielectric layers show the greatest shifts.
The shifts in resistivity are obviously different in cases of different resistor length for all of these resistors. When the resistance values increase, the of the resistors with 1 mm length tends to be larger than those for 10 mm length, and when the resistance values decrease, they are the reverse. These results suggest Resistor width mm.
that the termination was affected by the dielectric more than the resistor itself, and that "terminal resistance" was produced.
Because the resistors under dielectric were fired 4 times, as shown in Table II , it is considered that shifts in resistivity are also dependent on the retiring of the resistors. In order to distinguish the influence of the dielectric from that of the retiring, the resistivity shifts in the resistors on alumina fired at 850C were It is interesting to note that the influence of the dielectric is smaller for the low resistivity pastes, which contain a rather small quantity of glass, while in the high resistivity range it is very large. It is supposed that this phenomenon is related to the conduction mechanisms in thick film resistors, in which percolation 6 is obstructed by the interaction of the glass in the resistors and the dielectric. However, the shifts in resistivity of resistors under dielectric in Figure 3 show results which are the reverse of those mentioned above. Thus, it is considered that the main reason for the resistivity shifts in resistors under dielectric is to be found in the retiring processes.
The resistance distribution of untrimmed resistors under dielectric are somewhat broader than those on dielectric or alumina, as shown in Figure 5 . However, the laser trimmed resistors shown step 3 in Table II have a small distribution, though, it increases slightly in the processes leading completion, as shown in Table III . In Figure 6 , it can be seen that the TCR of resistors under dielectric tends to be negative while those on alumina or dielectric are positive. Again, this difference is due to the refiring of the resistors, as shown in the same figure. In the high resistivity range, the influence of the dielectric is also seen.
On the other hand, in Figure 7 for R-500, the TCR of resistors under dielectric tends to be positive, especially in the low resistivity range. This is also caused by the refiring processes.
The TCR of resistors on dielectric tends to be more positive than those of resistors on alumina, except at low resistivity ranges in the 1300 series. This result is reasonable, corresponding to the shifts in resistivity in Figure 3 , in which the resistance values of resistors on dielectric are lower than those of resistors on alumina. regarding the reliability of the resistors on dielectric, namely:
1) The resistivity change of resistors in the 1311 is greater by one order of magnitude than that of those on alumina.
2) The resistivity change of trimmed resistors in the 1321 is also fairly large. Figure 10 , through all resistivity ranges.
These problems may be improved by using another low sheet resistivity pastes, such as R-500, and low melting crystallizable glass, in the investigation of trimming conditions for the resistors covered with crystallized glass. And it will not be difficult to establish wide applicable processes for fabrication of thick film multilayer devices with two layer resistors. 2) The resistive values of resistors under dielectric are changed in the succeeding firing processes, and these resistivity changes are influenced by the geometry of the resistors. The TCR of these resistors are also influenced by the retiring processes and the dielectric.
3) The resistivity and TCR of resistors on dielectric are relatively uninfluenced by the dielectric.
4) The resistor stability at high temperature storage for alumina and under dielectric is comparable, but with resistors on dielectric, there are some problems that must be overcome, such as large drift in low resistivity pastes and cracks in overglaze.
5) It is expected that the developed processes will become suitable for wide application to various electronic circuits.
